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Abstract. Increasing train speeds is conceptually a simple and straight forward method to expand 
railway capacity, for example in comparison to other more extensive and elaborate alternatives. In 
this article an analytical capacity model has been investigated as a means of performing a 
sensitivity analysis of train speeds. The results of this sensitivity analysis can help improve the 
operation of this railway system and to help it cope with additional demands in the future. To test 
our approach a case study of the Rah Ahane Iran (RAI) national railway network has been selected. 
The absolute capacity levels for this railway network have been determined and the analysis 
shows that increasing trains speeds may not be entirely cost effective in all circumstances. 
 
Introduction 
 
Capacity expansion is an important topic in railways that is of increasing importance in our 
congested and overpopulated societies. For this reason it is considered in this article. There are 
many ways to expand the capacity of a railway network and there are pros and cons to each of 
these [7,8,9]. A comprehensive, generic and automated approach is needed, but to our knowledge 
has yet to be developed. The development of such an approach is outside the scope of this article, 
however in this article, one method is investigated in greater detail, for example the effect of train 
speed alterations. Increasing train speeds is a relatively straight forward approach to increase 
capacity and does not require construction activities or other great changes to the topology of the 
network. Theoretically capacity should increase when faster trains are used because travel times 
will be reduced and track infrastructure will be occupied for less time by individual trains [4]. 
However to increase capacity, it is necessary to purchase a considerable number of trains. The cost 
of buying many trains is very expensive, particularly if an entirely new fleet of trains is required. 
The total cost is likely to be in the millions of dollars. However comparatively speaking, other 
capacity expansion options will be equally, if not more expensive. From a practical point of view, it 
is unknown whether such an approach is cost effective or not, and this is something that should be 
investigated further. 
A number of articles have previously investigated train speed [4,5,6]. In those articles the 
analysis was performed using simulation. In this paper, and in contrast, an analytical model has 
been chosen to automate and speed up the process of this type of analysis.  Buri and 
Tzieropoulos[2] investigated variables that determine the speed of trains and assessed the relative 
importance of those with respect to railway capacity. Increasing the power of trains and making 
trains more homogenous were found to be a promising possibility as infrastructure expansions 
were deemed perhaps too expensive. Froidh, Sipila and Warg [3] considered the imbalance in 
trains’ speeds on Scandinavian rail networks that causes reductions in capacity utilisation. A 
 
 
timetable analysis and some simulations were performed. In those analysis trains speed 
increments were considered. 
 
 
Model and case study details 
 
The Burdett and Kozan[1] capacity model has been applied in this paper. The model 
determines the absolute capacity of a railway network. The model is summarized: 
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This model allows the free capacity to be determined and it determines the maximum flow of 
trains on each corridor in a specific time period.  ⃗ 
 ,  ⃖⃗ 
  are the number of trains of type i in corridor 
c for both forward and reverse directions. The number of trains of type i in each section s is 
defined by ⃗  
 ,  ⃗⃖ 
 . T is defined the saturation time of each section. Finally,   
  and   
  are 
percentages that govern the mix of trains across different corridors and in each direction 
respectively. It should be noted that∑   
 
   . 
This paper considers a simplified version of Iran’s railway network. RAI is the name of this 
national rail system. Figure (1) shows visually the main corridors where passengers and freight are 
transported. RAI has extensive infrastructure expansion plan/objectives to provide improved 
accesses and to meet future demands in developing population centers. Many new railway lines 
have been planned and will be constructed in near future.  The cost of infrastructure expansion 
over the next 5 to 10 years will be billions of dollars. Hence this paper can contribute to expansion 
of RAI network capacity without needing excessive spending on infrastructure expansion. 
 
 
 
 
Fig.1.Network diagram for the RAI 
Numerical Results 
 
In this capacity model three different types of trains are considered. Their speeds are 80, 
100, and 120 km/hr respectively. In order to do sensitivity analysis the model is run in two 
different ways with a time period of 1440 minutes (one day time period). The first case assumes 
that there is only one train type is used and its speed is changed incrementally (i.e. the speed is 
increasing by one km/hr). As each train type category is differentiated by speed and there is 20 
km/hr difference, the model is solved 20 times. The increasing of train speed incrementally should 
not be exceeded the speed of the next train type. For example we can increase the speed of train 
type one from 80 to 99 km/hr but no more than 100 km/hr as it becomes equivalent to a train 
type 2.  The second case assumes all trains types are used and their speeds together are changed 
incrementally. For example, the first one is changed from 80 to 81, second one from 100 to 101, 
and finally the third one from 120 to 121. The model is run 20 times same as first case.  
We collected results and tabulated the 20 values, then we plotted some graphs to visualise 
the rate of increasing capacity. The plotted diagrams are shown that increases of capacity are 
primarily linear when only a single train type is used. If there are mix of trains types, the increase 
of capacity is non-linear and there are some curvature but not greatly. The difference between 
successive applications of the model over 20 times were compared and analysed. These 
differences are the absolute increase in the capacity. A relative measure is also computed, which 
describes the difference in comparison to the starting capacity. Also, the absolute difference per 
unit of time computed because it is a normalised/scaled value and shows the increase to the 
system for any time period rather that specific one. The results are as follows: 
 
Table 1: Sensitivity analysis of capacity by a single incremental speed change 
Type 𝔸 (LB) 𝔸 (UB) Relative difference Abs Difference Normalized value 
1  2594.5 3243.11 1.25 32.43 0.023 
2 3243.1 3891.73 1.00 32.44 0.023 
3  3891.7 4540.35 0.83 32.43 0.023 
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Table 2: Absolute capacity increase for mix of trains  
Change/run Type 1 Type 2  Type 3 All 3types 
0 3338.4 3338.4 3338.4 3338.4 
1 3346.15 3353.56 3348.3 3371.36 
2 3353.77 3368.54 3358.1 3404.31 
3 3361.27 3383.36 3367.81 3437.24 
4 3368.66 3398.02 3377.42 3470.16 
5 3375.93 3412.53 3386.94 3503.07 
6 3383.1 3426.89 3396.38 3535.97 
7 3390.17 3441.09 3405.73 3568.86 
8 3397.13 3455.15 3415 3601.75 
9 3403.99 3469.07 3424.18 3634.62 
10 3410.75 3482.84 3433.28 3667.49 
11 3417.41 3496.48 3442.29 3700.35 
12 3423.98 3509.97 3451.23 3733.2 
13 3430.46 3523.33 3460.09 3766.04 
14 3436.85 3536.55 3468.86 3798.88 
15 3443.14 3549.64 3477.57 3831.71 
16 3449.35 3562.6 3486.19 3864.53 
17 3455.48 3575.44 3494.74 3897.35 
18 3461.52 3588.15 3503.22 3930.16 
19 3467.48 3600.73 3511.62 3962.96 
20 3473.36 3613.19 3519.95 3995.76 
 
In table 1 the results for each train type can be viewed. In this table bounds are given for the 
absolute capacity. For example the lower bound occurs when its speed is at its normal level. The 
upper bound occurs when its speed is increased to the upper limit (i.e. initial speed plus 20 
km/hr). The relative increase in capacity and absolute difference per unit of time are also shown in 
the table. The absolute difference per unit of time is a normalised value and this means that 
duration of the time period does not affect it. There is no change in the results for the different 
train’s speeds, i.e. the same relative and absolute differences occur. Hence, this table includes one 
set of values for each train type. The overall effect of changing train speed is a linear increase in 
the capacity. In table 1 only one type of train was analysed, however, in table 2 a mix of trains is 
assumed. The particular mix of trains are as follows: PD = [[0.0,0.44,0.56], [0.31,0.45,0.24], [0.86,0.14,0.0], 
[0.87,0.1,0.03], [0.39,0.26,0.35], [0.49,0.36,0.15], [0.0,0.44,0.56], [0.31,0.45,0.24], [0.86,0.14,0.0]].In contrast, 
Table 2 shows non-linear relationship between successive model solves, hence all the values are 
shown in the table.  
In Fig.(2) values for absolute capacity and percentage relative difference are linearly 
increasing. The lines in a) are quite flat looking, but in fact they are not flat; the increase is just 
small. This is because a mix of trains has been considered and only one of the trains has its speed 
increased incrementally. The first train type has the lowest line in both a) and b) as its speed is 
lowest compared with the other trains. The slope of last line is higher as changes are happening 
for all three trains’ types. The last line is roughly the sum of the other three ones. In conclusion 
significant improvements in absolute capacity can be achieved with a relatively small increasing 
speed. 
 
 
Fig.2: a) incremental speed change versus absolute capacity, b) relative difference 
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    a. 
 
                 b. 
Fig.3: a) incremental speed change versus absolute difference, b) normalised value 
 
In Fig. 3 the values for absolute difference a) and normalised value b) are linearly decreasing.  
While the absolute value of capacity is increasing, it is not increasing as greatly. For example, as 
the trains speed is increased to higher and higher levels. Hence there is limiting phenomena 
occurring and it is less effective to increase capacity in this way. The reason for the decrease is the 
interaction effect associated with the specified mix of trains. 
 
Conclusions 
 
In this paper a sensitivity analysis of train speed has been performed using an analytical 
capacity model. Changing train speeds is one way to expand the capacity of the railway network. 
The RAI national network was considered in the case study and the effect of incremental changes 
to train speeds has been discovered. The sensitivity analysis has shown that increasing speed of 
trains can result in increasing absolute capacity. However, for some specified mixes of trains, the 
benefit of doing so may not be worthwhile because the increase per instant of time actually 
decreases as the train speed is increased. In future other forms of capacity expansion will be 
compared with the results in this article to help identify the best and the most cost effective way 
of performing capacity expansion in railway networks and for the RAI. 
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